Introduction {#sec1-1}
============

Benign prostatic hyperplasia (BPH) is a common disease in older men; it can cause lower urinary tract symptoms (LUTS). Prostatic artery embolisation (PAE) for BPH is a new mini-invasive treatment in Vietnam as well as in the world. It has demonstrated the therapeutic effect and safety in improving the symptoms of LUTS, reducing the prostatic volume \[[@ref1]\], \[[@ref2]\], \[[@ref3]\], \[[@ref4]\]. The key to the success of this method is to understand the anatomy of the prostatic artery. However, the anatomy of PA is very variable in number and the position of origin. In male cadaveric studies, many researchers agreed that the origin of PA is very diverse and inconstant. Some authors also revealed cases of 2 or even 3 PAs in the same pelvic side \[[@ref5]-[@ref7]\]. Recent studies on the anatomy of PA on DSA had similar results. A single PA in each pelvic side was found in the majority of cases, a double vascularisation was rare \[[@ref8]\], \[[@ref9]\], \[[@ref10]\]. The most common origin of PA is the branches of the anterior division of internal iliac artery (IIA) like an internal pudendal artery, common trunk with the superior vesical artery (SVA), obturator artery. The proportion of PA originating from the middle rectal artery, the accessory obturator artery, the gluteal artery, the accessory pudendal artery is rare. Carnevale was the first author to classify prostatic arteries by origin of PA, which is relatively easy to apply \[[@ref8]\]. According to this classification, the prostatic arteries divide into 5 different groups ([Table 1](#T1){ref-type="table"}).

###### 

Classification of PA by FC Carnevale et al., \[[@ref8]\]

  Type           1                       2                                               3                  4                          5
  -------------- ----------------------- ----------------------------------------------- ------------------ -------------------------- ---------------------
  Origin of PA   Common trunk with SVA   The anterior division of IIA, inferior to SVA   Obturator artery   Internal pudendal artery   Less common origins

Also, PA has complex anastomosis with surrounding organs such as penis, rectum, seminal vesicle, and bladder \[[@ref11]\]. Therefore, the risk of necrosis of surrounding organs during PAE is not negligible. Several researchers revealed the role of CBCT software in the PAE procedure \[[@ref9]\], \[[@ref12]\]. Currently, in Vietnam, Bach Mai hospital is the first place to apply this technique to treat BPH. However, to our knowledge, no study in Vietnam has been conducted to evaluate the anatomy of PA on the DSA. Therefore, the *purpose* of the present *study* is to (1) classify the prostatic arteries in Vietnamese by origin according to the classification of FC. Carnevale et al., and (2) describe other anatomical features of the prostatic artery, including anastomoses to adjacent arteries, number, shape, and diameter.

Material and Methods {#sec1-2}
====================

Patient selection {#sec2-1}
-----------------

This retrospective study was approved by the Department of Radiology, Bach Mai Hospital between 10/2014 and 10/2018.

Inclusion criteria {#sec2-2}
------------------

Moderate to severe symptoms: IPSS index \> 19 and the quality of life (QoL) \> 3.PSA index ≤ 4 ng/ml or PSA ≤ 10 ng/ml (the ratio free PSA/total PSA ≥ 0.20, PSA density \< 0.15).No response to 6-month medical treatment.The patient does not want surgery, accepting complications that may occur during the intervention.Complete medical recordsSuccessfully unilateral or bilateral PA catheterisation.

Exclusion criteria {#sec2-3}
------------------

Prostatic cancer.Urethral stenosis, narrowing of the bladder neck, large diverticula, and large stones.General contraindications of angiography: serious infection, and liver failure, severe renal failure etc.Active urinary infection.Do not have enough medical records.

Imaging modalities {#sec2-4}
------------------

We used Philips single-plane fluoroscopy (AluraHD) with Road-mapping and Cone-beam computed tomography software (CBCT). In this study, we only applied CBCT software in the following cases: suspect anastomosis of PA with surrounding organs, suspect whether or not the investigated artery supplies the prostate.

Technical process {#sec2-5}
-----------------

Put a bladder catheter with contrast product into a Foley balloon before performing the vascular procedure.Angiogram of the internal iliac artery was performed with the ipsilateral oblique projection of 35-45 degrees and caudal-cranial angulation of 10 degrees.Selective DSA of PA was used to measure the diameter of PA.Injection of 1ml nitroglycerin 10% into PA was employed to evaluate better the anastomosis of PA.Angiogram of PA was repeated to evaluate the anastomosis of PA.In cases of suspected anastomosis of PA with surrounding organs, uncertain whether or not the investigated artery supplies the prostate, a CBCT was performed.

Statistical analysis {#sec2-6}
--------------------

All data are statistically processed and computerised under the SPSS program (version 16.0). Descriptive statistics with variables on anatomical characteristics of the prostate artery.

Results {#sec1-3}
=======

In the study period, 348 PAE procedures performed at Department of Radiology, Bach Mai hospital were included, the mean age of patients was 69.6 years, mean Qmax was 6.8 ml/s, and mean prostatic volume was 61.6 gram. In 348 these patients, 21 patients had an only unilateral selection of prostatic artery due to occlusive atherosclerosis. Other 327 patients were treated with bilateral PAE. A total of 675 pelvic sides were studied.

In 675 pelvic sides, double vascularisation was found in 15 cases, a single PA in 660 pelvic sides. So, the number of PA in our study was 690, with the average diameter of PA was 1.5 ± 0.35 mm (from 0.7 to 2.6 mm).

The most common origin of PA was the trunk with the SVA (33.9%), followed by internal pudendal artery (23.5%), and obturator artery (18.3%). The proportion of PA originating from the anterior division of IIA and other positions was 10.4% and 13.9%, respectively ([Table 2](#T2){ref-type="table"}).

###### 

Classification of PA

  Type            1      2      3      4      5      Total
  --------------- ------ ------ ------ ------ ------ -------
  N               234    72     126    162    96     690
  Incidence (%)   33.9   10.4   18.3   23.5   13.9   100

An identifying feature of PA on DSA is the corkscrew pattern. However, in this study, the typical feature of PA was found in only 30.4% ([Table 3](#T3){ref-type="table"}).

###### 

Incidence of "corkscrew pattern" of PA

  Shape   Presence of the corkscrew pattern   Absence of the corkscrew pattern   Total
  ------- ----------------------------------- ---------------------------------- -------
  N       210                                 480                                690
  \%      30.4                                69.6                               100

Atherosclerosis of PA can also be observed by DSA. Atherosclerosis is defined as a defect of contrast in the artery. In our study, atherosclerosis was seen in 20.9% of cases ([Table 4](#T4){ref-type="table"}).

###### 

Incidence of the atherosclerosis of PA

  Atherosclerosis   Presence   Absence   Total
  ----------------- ---------- --------- -------
  N                 144        546       690
  \%                20.9       79.1      100

The most common anastomosis was seen with the opposite PA (13%). The remaining types of anastomosis had lower rates like with seminal vesicle (9.6%), penis (8.7%), rectum (6.1%), bladder (4.3%), and soft tissue (3.5%) ([Table 5](#T5){ref-type="table"}).

###### 

Anastomosis between PA and surrounding arteries

  Anastomosis   Bladder   Seminal vesicle   Penis   Rectum   Soft tissue   Contralateral prostate tissue I.
  ------------- --------- ----------------- ------- -------- ------------- ----------------------------------
  *N*           30        66                60      42       24            90
  \%            4.3       9.6               8.7     6.1      3.5           13

Discussion {#sec1-4}
==========

Regarding the origin of prostatic arteries, based on the classification of FC. Carnevale, in this study, the most popular origin of the PA was the common trunk with SVA (33.9%), followed by internal pudendal artery (23.5%). This result is similar to the study of FC. Carnevale and T. Bilhimet al., \[[@ref8]\], \[[@ref10]\]. According to a study by Wang et al., the most common origin of PA was also common trunk with SVA (37.1%) but followed by the anterior pelvic artery branch (31.1%), then the internal pudendal artery (24.2%) \[[@ref9]\].

![Prostatic arterial type 1 (A) and type 2 (B)](OAMJMS-7-4204-g001){#F1}

The less common origins of the PA were the middle rectal artery, the accessory obturator artery, the gluteal artery, and the accessory pudendal artery. However, in this study, the incidence of these PA types was relatively high (13.9%). There were 2 cases in which PA was originated from the accessory obturator artery-a branch of the external iliac artery (1.7%). According to T. Bilhim et al., the ratio of PA originated from the external iliac artery was 1.8% \[[@ref13]\]. Thus, in the case of absence of PA on internal iliac artery angiogram, catheterisation of the external iliac artery is necessary to find PA from the accessory obturator artery.

![PA type 5, originating from the accessory obturator artery](OAMJMS-7-4204-g002){#F2}

Regarding the number of independent PA, there was one PA in 95.5% of pelvic sides and two independent PAs in the other 4.5%, for a total of 115 PA. This result was similar to the study done by Wang and FC Carnevale et al., \[[@ref8]\], \[[@ref9]\]. However, according to T. Bilhim, the incidence of two independent ipsilateral PA was very high (43%) \[[@ref10]\]. Mean diameter of PA was 1.5 mm. Therefore, the types of micro-catheters used must also be small in size. We always used microcatheter types with diameter ≤ 2F (equivalent to 0.67 mm).

The presence of the corkscrew pattern was found in 30.4%. It is unlike the uterine artery, which always has the corkscrew pattern on DSA imaging. This result was similar to the study of T. Bilhim \[[@ref10]\]. Although less common, however, the presence of the corkscrew pattern can be considered as a suggestion of PA on DSA. Another difficulty in the embolisation of PA is atherosclerosis. Atherosclerosis was found in 20.9% of PA, most commonly in the proximal course of PA.

About anastomoses of PA, we saw them in 21% of cases. This result was similar to the study of Wang (22.6%). However, that rate was lower than those in studies done by T. Bilhim and JM. Pisco et al., (60%) \[[@ref9]\], \[[@ref10]\], \[[@ref11]\].

In our study, the most common anastomosis was with contralateral PA (13%), followed by the penis (8.7%), bladder (4.3%), rectum (6.1%), seminal vesicle (9.6%), and soft tissue (3.5%). However, the presence of anastomosis of PA is not a contraindication to the embolisation. In the presence of small-sized anastomosis, a slow infusion under the control of fluoroscopy and usage of big embolisation particles (\> 200 um) may avoid the complication of non-target ischemia to the surrounding tissues (bladder, rectum, anus, or corpus cavernosum).

In cases with significant of PA anastomosis, before injecting particles for embolisation, maybe we need to cut off anastomosis by coils or other materials.

![Anastomosis of PA with penis in AP views (arrowhead)](OAMJMS-7-4204-g003){#F3}

This study still has limitations. First, we acknowledge the retrospective nature of our patient group from a single centre. Second, we do not systematically use CBCT software to evaluate the anastomosis of PA, due to the risk of increasing the irradiation dose and increasing the procedure times. This may affect the assessment of anastomosis of PA.

In conclusion, we found that the most popular origin of PA was the common trunk with SVA, followed by the interne pudendal artery and obturator artery. The anastomosis of PA was very diverse; it is possible to supply blood to bladder, rectum, seminal vesicles, and contralateral prostatic tissue. Therefore, perfect knowledge of PA is fundamental to assure the success of the procedure, avoid complications, and reduce procedure times and radiation exposure.
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